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other branches of engineering and is dealt with
elsewhere under the heading of design. We shall
concern ourselves here mainly with the first type
of problem.

1. Aerodynamics. Aerodynamics is the science
that deals with the reactions experienced by a body
when in motion relative to the air. The aircraft
designer's interest in aerodynamics is confined
mainly to those particular applications where the
bodies in question are complete aircraft or parts
thereof, but the scientist is interested also with
bodies of simpler shape, such as spheres, cylinders,
and so on, from a study of which he is more likely
to learn something of the laws of flow of air and
water than with the more complicated shapes used
in aircraft. Aerodynamics is mainly an experi-
mental science: it is not yet possible, except ha
one or two very simple cases, to determine by
theory alone what reactions are set up by the
motion of a body through a fluid. Hence, experi-
mental methods have to be employed to determine
these reactions. In many cases, it is true, they
can be predicted from certain laws, but these laws
themselves have been experimentally established,
and even for their application to particular cases
it is generally necessary to have certain other
experimental data available.

(a) WIND TUNNELS. Various methods have
been tried for finding the air forces on bodies
moving through the air, but only one has been used
extensively, namely, that hi which the body is
held stationary in an air current. The apparatus
hi which the air stream is generated is called a
wind tunnel, and it is the most powerful instru-
ment in the equipment of a modern aerodynamic
laboratory. One of its main advantages is that the
body does not move, a feature which helps con-
siderably in the measurement of the forces and
pressures acting on it. Further, in a well-designed
tunnel the air stream is steady and uniform, and
its speed is controllable, within certain limits, at
the will of the experimenter.

A wind tunnel consists of a large tube of circular
or rectangular cross-section, along which the air is
drawn by a fan, which is nearly always an airscrew,
similar to those used on aeroplanes. This gives a
steadier air current than a centrifugal fan. The
airscrew is generally driven by an electric motor,
and its speed of rotation can be varied over a
certain range so that any wind speed within the
limit of power available can be obtained. Means
are provided for enabling the experimenter to keep
the speed in the tunnel constant at any speed he
chooses. The airscrew is always downstream of
the portion of the tunnel in which tests are made.
Were the reverse arrangement adopted the air
stream hi the working portion would be seriously
affected by the disturbances imparted to the air
in its passage through the airscrew.

Most of the wind tunnels in Great Britain are of
the type developed at the National Physical

Laboratory in 1912. The stream at the working
section "is rectangular or square, and is totally
enclosed by the tunnel walls, with access to the
model through a door in one side. The tunnel
has to be housed in a building whose dimensions
must not be less than a certain minimum size,
depending upon the size of the cross-section of
the tunnel. This size has been determined by
experiment, and is such that a very large building,
about 40 ft. square, for a tunnel of seven or eight
feet side of working section, is necessary in order
to obtain a steady air stream. The air, after
entering a bell-mouth at the inlet of the tunnel,
passes through a cellular structure known as a
honeycomb, which straightens out the flow and
cuts up any eddies in the air. The air then enters
the working portion, passes through the airscrew,
and is discharged into the room through a kk dis-
tributor," an extension of the tunnel having sides
consisting of a number of slats through the
gaps hi which the air enters the room with the
large disturbances from the screw broken, up.
After leaving the distributor the air flows slowly
through the room back to the inlet. In some cases
an ulterior transverse perforated wall is built
right across the tunnel building to break up the
disturbances in the return current as it flows back
to the inlet. When this is done the distributor can
be shortened, and a correspondingly shorter
building gives a tunnel with the same steadiness
in its air stream.

The largest example of this type of tunnel is the
"Duplex*' tunnel at the National Physical
Laboratory, which has a working section 14 ft.
wide and 7 ft. high and rims at speeds up to about
70 m.p.h.

German workers have developed a different type
of wind tunnel which, while perhaps not quite so
convenient to work in as the N.P.L. pattern, is
much more economical hi the power required for
operation and in the space required for housing.
It owes both these advantages to the fact that the
return flow is enclosed in special ducts. In the
N.P.L. tunnel practically the whole of the kinetic
energy in the air as it leaves the airscrew is
destroyed in the discharge to the room, while hi
the German pattern nearly all the energy is
conserved.

A British tunnel based on this design is illus-
trated in Fig. 1. It has, however, two return
flow passages, as compared with the one of the
original German pattern. In its passage from the
airscrew back to the inlet the air turns two right-
angled corners at each end of each return passage,
through and round the banks of guide vanes
shown in the diagram. When properly designed
these vanes lead the air smoothly round each bend,
with very little loss of energy. After passing the
last set of guide vanes before the inlet the air
enters a contracting nozzle from which it emerges
as a parallel jet projected across an open space,
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